LEARNING BY THE FETUS
Many, if not most, people believe that we can learn before we are born and that some of the things we have learned are retained after birth. It is not difficult to find someone who can relate a personal or family story about a baby who seemed, shortly after birth, to respond in a special way to a familiar voice or sound. Examples of such accounts are the 1-day-old who turns to look in the direction of a family member visiting the hospital room for the first time after the birth, or a newborn who seems to reliably become quiet when a familiar piece of music is played. From this perspective, it is surprising that although there is much converging evidence for human transnatal auditory learning, there are few carefully controlled human studies on the topic. From the researcher's perspective, the paucity of published empirical studies in peer-reviewed journals that directly address transnatal learning is understandable. There are daunting methodological and practical hurdles to surmount in asking newborn infants whether they have learned about specific sounds before birth.
In order for transnatal retention of auditory experience to be possible, three key conditions must be satisfied. The fetus must be able to hear, there must be sound to detect, and the fetus must have the ability to learn. There is much evidence that the intrauterine environment is acoustically rich (see Gerhardt and Abrams, this volume) , that the human fetus is capable of hearing (see Hall, this volume), and does respond to sound in the womb (see Abrams and Gerhardt, this volume). Bearing on the learning question, there is growing evidence from nonhuman animals and from humans that learning occurs prior to birth. Birds, e.g., learn about the calls of conspecifics while still in the egg, and the birds' own post-hatching vocalizations are affected by this experience (see Lickliter, this volume). In addition to birds, non-human mammals have provided evidence of prenatal learning. For example, elegant experiments with rat fetuses have demonstrated that it is possible to classically condition aversion to a specific odor prior to birth that affects the rat's behavior after birth. 1 Empirical investigation into whether human learning can be demonstrated during the fetal period has a long, if not replete, history. In 1932, Ray 2 described a single subject classical conditioning experiment. The CS was the clapper of an electric bell gong, and it was placed so that it vibrated on the mother's abdomen. It was paired with the UCS that was fashioned out of two wood blocks made to snap together by a spring from a rat trap, thus making a loud sound. Problems with timing of stimulus presentation and fetal response interval prevented Ray from reporting the data. In 1948, Spelt, 3 using the same methodology in an experiment with 13 pregnant women, measured four types of fetal movement and concluded that classical conditioning of the human fetus had occurred, although incomplete information in the report renders independent interpretation of the results difficult. More recently, Hepper 4 referred to his replication of Spelt, but did not describe the experiment. If the literature on human fetal classical conditioning is sparse, the literature on instrumental learning is non-existent.
Despite the paucity of research on fetal associative learning, several studies of fetal habituation learning do exist. Habituation occurs when there is a reduction in fetal responding to a repeated auditory stimulus, and the decrement cannot be attributed to sensory or response system fatigue. 5, 6 Demonstrations of habituation learning are especially convincing when, after a decrease in responding to a There is converging evidence for fetal retention of auditory experience into early postnatal life, but critical tests with appropriate controls are rare due to methodological hurdles. Research has been conducted on newborn response to naturally occurring stimuli such as heartbeats, intrauterine recordings, pre -and postnatal versions of the maternal voice, father's voice, and unfamiliar voices. Postnatal experience cannot be ruled out as a possible explanation for many results. Only one critical prenatal exposure experiment with postnatal testing has been carried out and published in a peer -reviewed scientific journal. Interpretation of acoustic and linguistic information on intrauterine recordings suggests that the prosodic features of speech ( pitch contours, rhythm, and stress ) are available to the fetus. This is compatible with newborn responses and may contribute to language acquisition during the first year. There is no sound evidence that providing extra prenatal auditory stimulation benefits the developing child, and there are potential risks. Journal of Perinatology 2000; 20:S36 ± S43.
The Fetus
repeated stimulus, the fetus begins responding anew when a discriminately different stimulus is presented. Recovery of both motor 7, 8 and cardiac 9, 10 responding to a change in auditory stimulation has been reported for late-term fetuses (see Lecanuet and Schaal 11 for a review). Repeated experience over longer periods of time than those afforded by the laboratory habituation or classical conditioning setting may result in learning by the fetus. This has been described as exposure learning 12 and may result in a preference formed by familiarity. 13 ± 15 In one study of response to the mother's voice, which is presumably a familiar sound, 36-week-old fetuses did not demonstrate a difference in numbers of movements (visualized via ultrasound images) to a tape recording of the mother's versus a stranger woman's voice played through speakers placed directly on the mother's abdomen. But in a separate condition, fetuses of the same gestational age did respond with fewer movements when the mother was actually speaking versus when presented with a tape recording of her voice. 16 This may mean that 36-week-old fetuses cannot discriminate between the mother's and another female's voice, but can discriminate characteristics of the maternal voice that result from different means of transmission. Alternatively, the methods used in the study may not have been sufficiently sensitive to detect fetal ability to discriminate between the externally presented voices. A more recent study using fetal heart rate suggests that it may have been the latter. Pregnant women recited one of two different children's rhymes daily between weeks 33 and 37 of their pregnancies. Fetal heart rate was monitored in week 37 during presentation of a tape recording of each rhyme separately. Heart rates declined significantly during the rhyme that had been recited by the mother, but not during the other rhyme. 17 If the results from all fetal learning studies are taken together, it appears that there is some evidence for human prenatal learning although more research is certainly warranted. Another potential source of information about fetal learning is the neonate. It seems unlikely that birth marks an abrupt change in the perinate's ability to learn. Indeed, learning by the premature infant supports this, although it is difficult to study the learning capacities of these infants due to their fragility 18 plus their range of medical conditions and state lability. Full-term neonates have revealed themselves to be adept learners and it is likely that much of this capacity was already present at the end of gestation prior to birth. Within the first days after birth, newborns demonstrate habituation learning. For example, between 1 and 3 days after birth, infants demonstrate habituation and recovery of localized headturning to rattle sounds 19 and to spoken words. 20 Infants 4 to 5 days of age suck rapidly on a non-nutritive nipple when sucking produces a recording of speech sounds for them to hear. Sucking gradually habituates but returns to high rates when a new speech sound is presented. 21, 22 Habituation experiments with newborns typically take place over a period of minutes and demonstrate that infants retain stimulus characteristics long enough to compare them with a new exemplar. There have been habituation experiments with neonates, however, that suggest that they are capable of retaining information about specific auditory stimuli for at least 24 hours, 23 including differentiating two words spoken by the same female speaker. 24 These latter results bear strongly on transnatal learning because it is unlikely that the demonstrated capacity for neonates to retain auditory information over a longer period had its onset only once the infant has been born.
In addition to learning in habituation procedures, newborns have also shown that they can be classically conditioned, although it has been difficult to do so. 25 Results with instrumental conditioning are much more prevalent. For example, infants less than 4 days old can learn in less than an hour that headturning 26 or sucking on a tube 27 is rewarded with a sweet taste. Non-nutritive sucking has proven to be a relatively malleable behavior in instrumental conditioning procedures with newborns. Butterfield and Siperstein 28 described changes in sucking by 24-to 48-hour-old infants as a result of hearing music that was either contingent or non-contingent on sucking. DeCasper et al. have developed an instrumental conditioning procedure using non-nutritive sucking to assess newborn infant perceptual and learning capacities. In this procedure, 1-to 4-day-old infants learn to activate and maintain different sounds presented through headphones by altering the duration of their pauses between sucking bursts (interburst intervals) and/or the duration of their sucking bursts. 13,29 ± 34 In a variant of this nonnutritive sucking preference procedure, 2-day-olds can learn within 15 minutes to initiate sucking bursts during auditory signals for the availability of preferred sounds. 29,32,34 ± 36 The parameters of neonatal learning have been the focus of some recent studies using nonnutritive sucking and auditory stimulation with investigators finding evidence for cognitive processes in newborns beyond simple association learning. 37, 38 As with habituation learning, it seems unlikely that such capacities emerge only during the first day after birth.
NATURALLY OCCURRING SOUNDS
If we accept that fetuses can learn about sounds that they hear in utero, then it becomes reasonable to ask whether there is any indication that newborns respond differentially to sounds that occurred during the prenatal period either naturally or through deliberate exposure. One candidate natural prenatal sound is the rhythm of a heartbeat. It has long been surmised that heartbeats are sounds available in the womb 39, 40 and indeed, maternal cardiovascular sounds have been present in recordings made in utero in humans during labor after the rupture of amniotic membranes, 41 although it is not clear that they actually are a prominent form of stimulation for the fetus. 11, 42, 43 Salk 39, 40 reported that playing recordings of a heartbeat sound for groups of newborns in a hospital nursery resulted in greater weight gain and reduced crying time. Other researchers have also found that intrauterine sounds calm neonates. 44, 45 Based partially on this research, commercial products using heartbeat sounds have been devised for pacifying young infants.
heartbeat sounds into question. There have been failures to replicate this. 46, 47 There have also been many experiments with sounds other than heartbeats that show that a neonatal arousal response to sound depends on many variables including broad characteristics of the stimulus, the infant's initial state of arousal, and the experimenter's choice of response. 47, 48 Although evidence for soothing infants with heartbeats is ambiguous, there are more convincing results on the salience of heartbeat sounds for newborns in a non-nutritive sucking preference experiment that showed that 66-hour-old infants altered interburst intervals when the consequence was hearing a recording of intrauterine heartbeat sounds. These results demonstrated that heartbeat sounds acted as a reinforcer for the infants. 14 The experiment did not compare responding to heartbeat sounds with other rhythmic sounds. It is, thus, not clear whether it was the presumably familiar prenatal cardiovascular sound or the characteristic of rhythmicity that was reinforcing for the newborns. Demonstration of infant responsiveness to rhythmic sounds in general would not, however, rule out the effectiveness of prenatal exposure to heartbeats because experience in utero could generalize to other rhythmic sounds.
In addition to the cardiovascular sounds present on recordings made in utero, the maternal voice has been noted to be a prominent sound, more intense than other voices. It is, however, not more intelligible than other voices. All voices on the intrauterine recordings sound muffled, largely due to the attenuation of frequencies above 500 Hz resulting from the low-pass filtering properties of the intrauterine environment (see Gerhardt and Abrams, this volume). For the perinate experiencing the sound of the maternal voice, this suggests two things: (1) the mother's voice is salient; and (2) her voice sounds different after birth than it did before birth. If familiarity results in preference for salient sounds, then the more familiar prenatal version of the mother's voice should be preferred during the early postnatal period. Three different experiments have used a strategy of utilizing a simulated version of the maternal prenatal voice in preference procedures with newborns. Simulated prenatal versions were created by low-pass filtering recordings of the mother's voice. In two experiments, the simulated prenatal maternal voice was compared to an unaltered recording which served as a postnatal sample for the infant. Results of these prenatal versus postnatal experiments showed that newborns detect the equivalence of the prenatal and postnatal recordings, 32 and they do prefer a lowpass filtered recording of the maternal voice compared to an unfiltered recording of her voice. 49 Another strategy has been to use the preference procedure to compare responding to stimulated versions of the mother's prenatal voice versus a stranger female's prenatal voice. In these cases also, the mother's prenatal voice was preferred. 34, 49, 50 This preference for the prenatal version of the mother's voice strongly suggests that newborns can learn about sounds available in the womb and that early postnatal responding is influenced by this experience.
The salience of the mother's voice to infants shortly after birth has been the focus of several experiments in which responding to the maternal voice has been compared to stranger female voices. The study of subjects with the least postnatal experience was carried out with infants within 2 hours after birth, during which time efforts were made to keep vocal stimulation at a minimum. The researchers do report, however, that some words were spoken by the mothers on postnatal contact with the infants although they were three or four words at most. Mothers and four other women attending the birth spoke the infant's name. The neonates were videotaped for later blind coding of infant head, eye, hand, and sucking movements. Infants reacted with more movement when the mother was speaking compared with the strangers. 51 Although researchers attempted to control for voice quality, it is not possible to rule out the likelihood that the voices of women who had just given birth to these infants were different in some systematic way compared to the other voices. In a study using recordings of the mothers' and stranger females' voices, DeCasper and Fifer 13 used the non-nutritive sucking preference procedure to compare responses by infants less than 3 days after birth to familiar and unfamiliar female voices. Infants activated the recordings of their own mothers' voices proportionately more frequently than the recordings of the stranger females. DeCasper and Fifer 13 replicated this finding in the same study using a new group of neonates and a variant of the sucking procedure. The maternal voice preference was again replicated in a different non-nutritive sucking experiment with 2-day-olds. 50 In yet a different study comparing newborn movement during recordings of the maternal voice versus a stranger female voice, infants 27 to 95 hours old made fewer head, arm, and leg movements when the recording was the mother's voice. 16 Interestingly, the study included a comparison of responding to the mother versus stranger female with the voices talking in both adult-directed (AD) and infant-directed (ID) speech. ID speech has been shown to differ in several ways compared to AD speech. 52, 53 ID speech would normally not be a maternal speech pattern available prenatally and would thus be novel for the newborn. 54 Results showed that there was an interaction between voice and speech pattern such that infants made significantly fewer movements when the voice was maternal AD speech compared to the three other types (maternal ID and non-maternal ID and AD) of speech samples. 16 The interaction of voice and speech type would seem to support prenatal familiarization with maternal AD speech. It could be, however, that even though mothers do use ID speech when speaking to their newborns, 52 the relative number of ID speech samples is small compared to AD speech during the early postnatal period. It is, thus, possible that the infants could have been responding to maternal AD speech on the basis of postnatal, rather than prenatal, experience.
Father's voice has received some attention by researchers; although newborns discriminate between the paternal and a stranger male voice, 31, 55 in one study of six infants, the neonates did not demonstrate a preference. 31 The difference in newborn responding to parental voices has been interpreted as evidence for prenatal auditory learning and is the result of the relative prominence of the mother's voice in utero. 31 Interestingly, a recent study of older infants also
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Transnatal Auditory Learning showed no preference for the paternal voice versus a stranger male voice although the 4-month-olds in the study could discriminate between male voices. 56 Perhaps prenatal exposure has lasting effects on infant response to the maternal voice, but there are also important differences in the newborn's postnatal experience with each parent that could begin to affect infants as early as the first day after birth.
In addition to demonstrating preferences for listening to particular voices, newborns have shown that they respond differentially to languages. Within the first 4 days after birth, infants discriminate the language that their mother speaks compared to a foreign language, 57 and 2-day-olds have demonstrated a preference for the maternal language compared to a foreign language. 58 The rhythmic structure of the two comparison languages appears to be important in the neonates' ability to classify utterances. 59 
DELIBERATE EXPOSURE TO SOUND
Given the prominence of the mother's voice on intrauterine tape recordings 41, 60 and the robust newborn response to the maternal voice compared to other voices, it seems very likely that prenatal learning has influenced postnatal responding. However, in the experiments with voices and languages described above, it is not possible to rule out the effect of postnatal experience. Remarkably, there is only one published experiment that is a direct test of prenatal learning about speech. DeCasper and Spence 32 asked women to read a particular 3-minute speech passage out loud two times a day during the last 6 weeks of pregnancy. After these infants were born, 16 of them were participants in the non-nutritive sucking preference procedure, and their activation of recordings of familiar or novel speech passage was compared. For nine infants, the voice reading the two stories on the recording was the mother, and for seven infants it was a stranger female who read the two stories. Results showed that infants activated the tape recording of the prenatal story relatively more frequently compared to the novel story, independent of who was reading the stories on the tapes. For a group of control infants who had not been previously exposed to the speech passages, there was no systematic preference. This is one experiment in which postnatal experience with the auditory stimulus can be ruled out as an explanation for newborn response to a prenatal event.
Infants have also been shown to be responsive to music to which they have been exposed prenatally in three different unpublished dissertation studies. In one study of 13 neonates, infants were tested with the non-nutritive sucking preference procedure for response to a familiar and an unfamiliar melody. Their mothers had repeated the melody of``Mary Had a Little Lamb'' using the syllable``la'' instead of words for about 5 min/d during the 14 days prior to expected delivery of their infants. Results showed that despite the brief exposure period, the 4-day-olds who had been exposed to the melody prenatally activated it more frequently relative to a novel melody. A control group of 4-day-olds who had not been deliberately exposed to the melody showed no differential response to the two melodies. 61 In a similar non-nutritive sucking preference study, the mothers recorded two lullabies and played the recording of one of them daily for 10 minutes during the last 8 weeks of pregnancy. Sixteen infants were tested with the two maternal lullaby recordings, and there was a significant preference for the familiar lullaby. 62 In the third dissertation study of prenatal exposure to a lullaby, a different methodology was employed. The mothers of 15 infants began singing or playing a recording of themselves singing one of several lullabies 7 weeks prior to their expected delivery dates as well as for 4 weeks after delivery. A different group of mothers sang or played a lullaby only after birth for 4 weeks, and a third group of mothers was not instructed to sing to their infants either pre-or postnatally. At 4 weeks of age, infants were exposed to a recording of the maternal lullaby while crying, and infant state of arousal was coded to determine whether prenatal exposure had a differential effect on soothing. Results showed that infants who received prenatal and postnatal lullaby exposure spent more time calm when presented with the lullaby tape than either of the control groups. 63 This could be evidence that prenatal experience directly influences postnatal behavior or it could be an effect of the total duration of exposure in which case prenatal and postnatal experience would add together. It cannot be ruled out, however, that infants' response to the prenatal lullaby was due to more sensitive parenting that resulted from a longer period of parent involvement for those who started singing to their infants before they were born.
In a quite different study of the effect of prenatal music exposure, infants 2 to 4 days of age were monitored while listening to a recording of the theme song of a television soap opera that their mothers reported watching daily during pregnancy (Learning group). Their responses were compared to those of a control group of infants whose mothers did not watch the television program. Results showed that compared to the Control group, the Learning group experienced a decrease in heart rate, decrease in number of movements, and change in behavioral state to a more alert state while listening to the music. 64 Since none of the infants had heard the soap opera theme song after birth, these results suggest that the fetus can learn about incidental ex utero environmental sounds as well as the mother's speaking and singing voice, and that prenatal learning affects postnatal behavior. Intriguingly, these results and the results from deliberate prenatal exposure to music seem to be at odds with the newborn's failure to respond to the paternal voice. Father's voice would seem to occur more frequently in the fetus' auditory environs compared to the music selections. An explanation for the preference for familiar music, but not for the paternal voice, must be based on something other than frequency of exposure. 56 Taken altogether, the studies of perinatal learning plus the experiments on fetal and newborn responses to familiar prenatal sounds warrant two conclusions: (1) there is sufficient evidence to support the claim that transnatal learning occurs; and (2) we know very little about transnatal learning. Clearly, the conditions under which transnatal learning occurs are an area of fertile ground for future research.
TEACHING THE FETUS
Some practitioners of developmental psychology have not waited for basic research to proceed on transnatal learning. Programs of deliberate instruction of the fetus have emerged in the last 20 years, and products and practices for the purpose of teaching the unborn are available in many cities in the U.S. and over the Internet. 65, 66 Many of these programs have been described in articles in the journal, Pre-and Perinatal Psychology. The longest-running practice of regular stimulation of the fetus seems to be that of Rene Van de Carr, MD, of Hayward, CA, who has directed the Prenatal University program since 1979. In this curriculum, the mother and the father are taught to stimulate the fetus 5 min/d by doing such activities as repeating bisyllables aloud, patting the mother's abdomen in the``kick game,'' and singing and reciting rhymes to the fetus. Although the central focus of the practice is enhancement of parent±infant communication, developmental gains by infant participants have been described. These include comparative group data on early communication and speech, single cases of early speech (e.g., words spoken at 4 months), 67 and a case of apparent specific memory by a toddler of a prenatal event. 68 Another program, the Eastman Project, was initiated to enhance music and speech development through prenatal exposure to music via earphones placed directly on the skin of the maternal abdomen. Preliminary results included``early development of highly organized and remarkably articulate speech''. 69 There does not appear to be a published account of the final results of the project.
In a third program of fetal instruction, Project Prelearn, the auditory stimuli were variants of the maternal heartbeat and were designed to present auditory patterns in 2-hour daily``lessons'' that became progressively more complex over time. A central premise of the program was that pattern detection by the fetus provides stimulation to the developing brain that results in prevention of apoptotic neurodegeneration or programmed neuron loss, which is otherwise normal during the perinatal period. 70, 71 The retention of neurons was proposed to support increased cognitive ability for individuals in the program relative to normal children. Results of prenatal stimulation of 12 participants included larger-thannormal weight, height, and cranial circumference at birth; cooing, babbling, and relaxed body posture on delivery; and advanced receptive and expressive language development. 72 The idea that extrauterine stimulation will enhance infant development by preventing normal neuron degeneration is unsubstantiated elsewhere in either the human or animal literature. It is neither clear that this type of extra stimulation will prevent apoptosis nor is it known whether this would result in cognitive benefits if this normal process were prevented from occurring. And contrary to the speculation that the experimental subjects may have more neurons than other infants is the possibility that the extrauterine stimuli may act as stressors which could have results opposite those intended and produce an enhanced loss of neurons, e.g., through neuronal excitotoxicity. 73 The Prenatal University, Project Eastman, and Project Prelearn have had enhancement of cognitive development as goals, but other interventions have had other goals such as enhancement of parenting practices 74 and relaxation of infants, children, and adults. 75 The accounts of prenatal teaching programs are fascinating and they point the way to possible future research, but they must be interpreted with skepticism. The published studies of prenatal stimulation each contains methodological flaws that render claims of change due to the interventions questionable. The accounts provide data on single cases or small numbers of subjects and the studies are rarely conducted with adequate controls. To be convincing, these studies should include comparison groups of subjects such as fetuses who receive a different kind of prenatal stimulation, different amounts of prenatal stimulation, and no postnatal stimulation that may affect the variable of interest. Testing for effects should be blind (see Philbin, this volume, for a description, a checklist, and examples of good research methodology).
In addition to the methodological issues mentioned above, the research on purposeful prenatal stimulation must be questioned for use of extrauterine stimuli that may be too intense for the developing auditory system or may interfere with normal fetal sleep/wake cycles (see Gerhardt and Abrams, this volume, for a discussion of research on the effect of intense noise on auditory development). It would be considered cruel to deliberately and repeatedly subject a sleeping newborn infant to loud noise near his/her ears. Yet, for the fetus, what is likely to be the equivalent of this practice has been claimed by some researchers to have benefits.
LANGUAGE ACQUISITION
In total, there appears to be sufficient evidence that prenatal auditory experience affects postnatal responding to the sound of voices talking. This conclusion carries important implications for the investigation of the development of speech perception and language acquisition. The most obvious implication is that the process does not begin at birth, but before birth. Certainly, there is a major increase in the amount of speech information available to the infant after birth, and much learning occurs in the early postnatal period. But characteristics of the prenatal environment may render the sound of voices and the speech signal particularly salient to the newborn. 15 The mother's voice, e.g., is not only a prominent acoustic event in utero by virtue of its amplitude 60,76 ± 78 and how often it occurs, but the sound of the voice is accompanied by stimulation in other sensory modalities. There may be some vestibular stimulation of the fetus by movement of the maternal diaphragm and muscles when she speaks, and this would presumably co-vary with loudness. There is a direct relationship between the maternal body position and presence versus absence of voice. When the mother is lying in bed, there will be a greatly reduced likelihood of hearing her voice. The sound of her voice is likely to be accompanied by maternal upright body position and large motions, e.g., of walking. Even when seated, the mother's torso is likely to be in frequent motion due to change of body position and movement of legs and arms. Thus, for the fetus, the mother's voice would seem to be available as a multimodal event. This differs from the sounds of other voices and may enhance the salience of the maternal voice, but also may also cause the sound of the human voice, in general, to be an object of the infant's attention.
Although this is speculative, another way in which the maternal voice could retain its prominence in early postnatal life is through its perinatal constancy relative to that of other sensory experiences. True, the difference between the muffled, low-pass filtered sound of the intrauterine version of the voice and the extrauterine version is not insignificant, but it may be small compared to the magnitude of stimulus change in other senses like vision and the cutaneous, somesthetic, olfactory, and gustatory senses (see Lecanuet and Schaal 11 for a review of sensory development). Hearing the maternal voice may, thus, provide a sensory bridge into postnatal life that is not available from other prenatal sensations.
The salience of the maternal voice is likely to generalize to attention to other voices, and there is evidence from a variety of research paradigms that newborns 6, 54, 79 and older infants 80, 81 attend to speech even when the voices are not familiar. For example, newborns change sucking patterns when the consequence is hearing a stranger female voice versus silence. 50 Prenatal experience may be an important factor in the early postnatal bias to listen to speech (see Jusczyk   82 for a discussion). In addition to a general bias for speech, prenatal experience may predispose newborns to attend to some components of the speech signal and to ignore others. 15, 82 Infants appear to be particularly responsive to the prosodic elements of speech which include pitch contours, rhythm, and stress. These characteristics of speech are clearly represented in intrauterine tape recordings, whereas the individual sound segments of speech or phonemes are not well represented 76, 77 (see Gerhardt and Abrams, this volume). In the laboratory, newborns less than 4 days of age have proven themselves to be very capable of responding to segmental components of speech by, e.g., discriminating between two vowels, 35, 83, 84 by discriminating two consonants in brief consonant±vowel syllables, 21 and by discriminating syllables that differ in order of consonants. 35 Although neonates demonstrate competence at the segmental level, they recognize and prefer to listen to a filtered recording of the mother's voice which has attenuated the frequencies that carry much of the information about segments, leaving only prosodic information. 33, 34, 49 Furthermore, research with whispered voices supports the notion that the prosodic components are salient to newborns. In whispered speech, voicing is absent and thus much of pitch contour information. Infants less than 3 days of age can discriminate between unfamiliar whispered voices, but they do not alter sucking patterns in order to activate a recording of a whispered voice versus silence. 34 Newborns are capable of using prosodic information to recognize the maternal voice 34, 49 and to discriminate between languages. 85 It appears that rhythm is a particularly important prosodic cue for newborns. 21, 86 Prosody has gained attention in language acquisition theory in recent years as a potentially important means for older infants to discern communicative intent of the speaker 87 and in the notion of``prosodic bootstrapping'' or using intonation, rhythm, or stress cues in speech to unpack the underlying syntactic organization of utterances 88, 89 (see Jusczyk   82 for an expanded discussion). It is not unreasonable to suppose that prenatal exposure to the prosodic features of speech plays a role in a cascade of developmental events that contribute to eventual language acquisition.
Given that transnatal learning about speech and voices may play a role in the infant's acquisition of language, is it advisable to provide extra exposure to speech during gestation as recommended by proponents of such programs as the Prenatal University? We remain very skeptical of claims that deliberate prenatal teaching/ learning episodes can enhance postnatal cognitive functioning, but we are in agreement with those who think of talking and singing to an unborn child as the beginning of a caring relationship. 63, 74, 75, 90 There is sufficient sound scientific evidence to conclude that the sound of a pregnant woman's speaking and singing voice is available to her unborn child. In fact, her voice is available whenever she speaks Ð not only when she is talking to the fetus. Moreover, it appears very likely that much of the acoustic environs of mother is also available to the fetus in addition to the ongoing internal physiological sounds that have been recorded in utero (see Abrams and Gerhardt, this volume). Given that this is the case, increasing fetal stimulation beyond what is provided by the ambient sound level is not warranted. It may be detrimental not only to auditory development (Gerhardt and Abrams, this volume) but also potentially to the development of behavioral state regulation, attention, and other cognitive processes about which much is unknown. We highly recommend against using devices such as miniature audio speakers or megaphones to present sound to the fetus. Those who promote these types of practices based on selective, unfounded, and illogical application of scientific data on early learning and brain changes are taking risks with the development of the unborn child.
